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ABSTRACT

Background: Brazilian Jiu-Jitsu (BJJ) athletes can be divided into two combat styles: pass fighters (PFs)
and guard fighters (GFs). Flexibility of the posterior chain muscles is highly necessary in these athletes,
especially in GFs. On the other hand, isometric strength of the trunk extensors is required in PFs. Handgrip
strength is important in holding the kimono of the opponent, and symmetrical lower-limb strength is
important for the prevention of injuries due to the overload caused by training.

Purpose: The aim of this study was to compare the biomechanical profiles of BJJ athletes with different
combat styles using the following outcome measures: flexibility, trunk extensor isometric endurance, pos-
tural balance, handgrip isometric endurance and lower-limb muscle strength.

Methods: A cross-sectional study was conducted using 19 GFs and 19 PFs. The sit-and-reach test was used
to evaluate the flexibility of the posterior chain muscles. The Biodex Balance System® was used to evaluate
balance. A handgrip dynamometer and a dorsal dynamometer were used to evaluate handgrip and trunk
extensor endurance, respectively. Quadriceps and hamstring strength were evaluated with an isokinetic
dynamometer at 60°/s.

Results: No differences were observed between groups in terms of flexibility, balance, handgrip isometric
endurance or quadriceps and hamstring strength; however, PFs (81.33) showed more isometric trunk
extension endurance than GFs (68.85) (p= 0.02). Both groups had low values for hamstring/quadriceps
ratio.

Conclusion: No significant biomechanical differences were observed between PFs and GFs.
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INTRODUCTION

Jiu-Jitsu is a martial art that requires a variety of
movements, such as flexion, extension, torsion and
traction mechanics and center-of-mass displace-
ment.! This style of martial art appeared in Brazil
after World War I and has undergone several modi-
fications and adaptations, giving rise to Brazilian
Jiu-Jitsu (BJJ), a fighting sport that has gained pop-
ularity around the world following the rise of the
Ultimate Fighting Championships (UFC). The main
techniques in BJJ are grappling, projections, transi-
tions, chokes, and submissions? .

BJJ athletes can be divided according to their com-
bat styles into pass fighters (PFs) and guard fighters
(GFs). The guard position is considered the essence
of Jiu-Jitsu. The traditional position is the closed
guard (Figure 1A), where the fighter has his/her
back in the mat with legs wrapped around opponent,
and he/she can take advantage to launch submis-
sions. He/she can also be in a defensive position.
Other guard positions have been created during the
BJJ history, such as the spider guard (Figure 1B), De

La Riva guard (Figure 1C), and butterfly guard (Fig-
ure 1D).* The PF attempts to pass the guard of his/
her opponent in order to score points or secure dom-
inant positioning, while the GF defends the guard
and reacts from this position. Some athletes prefer
to choose one combat style and training based on
the key aspects of that specific style.*

BJJ requires certain physical attributes, such as flex-
ibility, postural balance, isometric endurance, and
muscle strength.®> An appropriate level of flexibility
is necessary to allow joint mobility, thus avoiding
limitations during the execution of techniques and
the learning of specific drills. Athletes who prefer
training from various guard positions require more
posterior chain flexibility, especially hip flexibility.
In contrast, PFs need more strength in the trunk
extensors because GFs force them into trunk flexion.

Upper-limb isometric endurance is essential for
good performance in BJJ athletes because most tech-
niques require hand-gripping and grappling.® Hand-
grip strength is necessary to hold the opponent’s

Figure 1. Types of guard position. (A) Closed guard (B) Spider guard (C) De La Riva guard (D) Butterfly guard.
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kimono (i.e., uniform),” and successive fights lead to
a decrease in handgrip strength® requiring athletes
to develop muscle endurance. Symmetrical strength
in the lower limbs is essential because BJJ requires
long and intense training that causes joint overload,
mostly on the knees. Thus, adequate strength of the
muscles that contribute to the stability and support
of this joint is needed, particularly in the quadriceps
and hamstrings because optimal ratios strength in
these muscles contribute to a decreased risk of knee
injuries.” Dynamic postural stability and control of
center of mass displacement are parameters that
influence both guard defense and attack techniques.

Some studies regarding physiological demands and
aerobic capacity in BJJ athletes have been pub-
lished.! Other studies regarding morphological
adaptations (body composition and somatotype)
have also been reported in the literature.!? To date,
only one study has compared the biomechanics of
combat style in BJJ athletes, and this study evalu-
ated the fundamental movement competency with
Functional Movement Screen (FMS®)." No reports
have examined strength, flexibility and balance in
BJJ athletes.

The purpose of this study was to compare the bio-
mechanical profiles of BJJ athletes with different
combat styles (GF vs. PF) using the following out-
come measures: flexibility, trunk extensor isomet-
ric endurance, postural balance, handgrip isometric
endurance and lower-limb muscle strength.

METHODS

Experimental Approach to the Problem

A cross-sectional study was conducted from Janu-
ary to July of 2014. A total of 38 BJJ athletes were
divided into two groups for assessment. Nineteen
GFs comprised the first group, and 19 PFs com-
prised the second. The combat style was considered
the independent variable, while flexibility, isometric
endurance, postural balance, and muscle strength
were the dependent variables of the study.

Participants

This study was submitted and approved by the
Research Ethics Committee of the Federal Uni-
versity of Ceara (protocol n° 230/2011), and the
research participants signed a written informed con-

sent form. The sample size was calculated prior to
the testing, using a significant difference of 20% for
the flexibility outcome, with an estimated standard
deviation of 8 centimeters. A significant difference
of 20% was also chosen for the strength of the trunk
extensors, with an estimated standard deviation of
36 kgf. A power of 80% and a level of significance of
5% were chosen for this calculation, thus resulting
in a sample size of 20 individuals for each group.'

All the athletes were professionals, over 18 years
old and had competed in international-level compe-
titions. The athletes were selected by convenience
from a professional team specialized in this sport.
Athletes with recent musculoskeletal injuries (i.e.,
within the last six months) and those who had
undergone trauma or orthopaedic surgery in the last
12 months were excluded.

The groups presented similar anthropometric data,
ages and practice durations. Only two athletes were
left handed, and they were both GFs. Twelve PFs and
seven GFs were blue belts (Table 1). The experience
in BJJ is ranked according to the color of the belt
of the fighters. Blue belts are the least experienced,
whereas purple, brown, and black belts are the most
experienced levels.™

Procedures
A self-report questionnaire was utilized to investi-
gate anthropometric characteristics, motor domi-
nance, injury history and preferred combat style
of the athletes. Then, the biomechanical tests were
performed.

The athletes were assessed using the following out-
come measures: posterior chain muscle flexibility,
postural balance, isometric trunk endurance, iso-
metric grip strength, and isokinetic thigh muscle
strength. The reliability of the tests used has been
analyzed previously.'*1

The sit-and-reach test was performed in the Wells
bench (Sanny®, Brazil) for the assessment of posterior
chain muscle flexibility. The subject was positioned
in a seated position, with the knees fully extended,
the feet touching the bench, and the hands over-
lapping each other. The protocol consisted of the
subject executing three repetitions, and the highest
result was used for statistical purposes.!?
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The Biodex Balance System® (BBS)(Biodex Medical
Systems, Shirley, NY), which is commonly used to
evaluate dynamic postural stability, was utilized for
the postural balance assessment. This device mea-
sures the degree of inclination over each axis during
the tests.'”” The test was performed using the single-
leg protocol, and the athletes were positioned with
the tested knee at a 10-degree flexion angle and the
contralateral limb at a 90-degree flexion angle. The
arms were crossed at the level of the chest, and the
eyes were directed toward the screen of the device,
which was adjusted according to the height of each
athlete. At the beginning of the trial, the athlete was
instructed to maintain balance. This assessment
was repeated three times for each limb, and each
repetition lasted twenty seconds, with a 10 second
rest interval. The level of stability of the platform of
the BBS varied from Level 6 (more stable) to Level 2
(less stable) without any visual feedback to the sub-
ject. The Overall Stability Index, Antero-Posterior
Stability Index, and Latero-Medial Stability Index (as
calculated and provided by the BSS) were assessed.'®

Isometric dynamometry was utilized to assess mus-
cular endurance and strength during the handgrip
and trunk extension tests. Both muscle groups were
assessed using the Maximum Voluntary Isometric
Contraction (MVIC) protocol with three intermit-
tent isometric contractions, as well as a 30-second
isometric contraction test. A hand dynamometer
(DM-100, Miotec®, Porto Alegre, Brazil) and a back
dynamometer (DD-200, Miotec®, Porto Alegre, Bra-
zil) were used. In order to assess handgrip strength,
the athlete was asked to position the elbow at a 90°
of flexion and squeeze the dynamometer with maxi-
mum effort. Three repetitions of five seconds were
performed with an interval of 10 seconds between
repetitions. In the same position, the athlete was
asked to squeeze the dynamometer with maximum
effort during 30 seconds for the assessment of endur-
ance. For the evaluation of trunk strength, the athlete
was asked to flex the trunk from a standing position,
grasp the bar of the back dynamometer with both
hands and then lift the bar with maximum effort.
Three repetitions of five seconds were performed
with an interval of 10 seconds between repetitions.
In the same position, the athlete was asked to lift the
bar for 30 seconds for the assessment of endurance.
The data were sampled at 400 Hz using a Miotool

400 device interface (Miotec®)". In order to evaluate
muscle strength was recorded the peak force and to
evaluate muscle endurance was recorded the aver-
age force during each trial.

The assessment of the quadriceps femoris (Q) and
hamstrings (H) was performed using a Biodex” (Biodex
Medical Systems, Shirley, NY) isokinetic dynamome-
ter. Athletes warmed-up on a stationary bicycle for five
minutes. The seat was adjusted so that the hip would
remain at an 85-degree flexion angle, and the axis of the
device was aligned with the lateral intercondylar notch.
Next, the subjects were positioned in the dynamometer
with belts fastened at the torso, abdomen, and tested
thigh in order to prevent undesired movements. The
lever arm of the device was placed 20 mm above the
medial malleolus. The selected protocol consisted of
concentric contractions at 60°/s for five repetitions.”
The device was calibrated for each subject, starting
from a fully flexed knee position and ending in a fully
extended knee position, whereas the reference point
was a 90-degree knee flexion angle. The lower limb was
weighed for standardization purposes. After the initial
procedures, the subject was instructed to perform five
flexion and extension movements at a submaximal
intensity in order to finish the warm-up and familiar-
ization. To compare the groups, it was used the follow-
ing variables: the symmetry index of strength between
limbs and the agonist/antagonist ratio.

Statistical Analyses

SPSS 17.0 was used with a significance level of 5%.
The data distribution was analyzed with the Kol-
mogorov-Smirnov test. The independent t-test and
chi-square test were utilized to compare the groups.

RESULTS

The groups were homogeneous regarding weight,
height, BMI, and duration of sports practice (Table
1). No athletes were excluded from the initial sample.

There were no significant differences between the
groups in terms of flexibility (p=0.089) (Table 1).
However, a difference was observed in the isomet-
ric endurance of the trunk extensors (p=0.02); the
PFs showed higher values. No statistical differences
were observed for peak isometric handgrip strength
and trunk extension (Table 2), postural stability
(Table 3), or isokinetic variables (p > 0.05) (Table 4).
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Table 1. Sample characteristics

Variable PF GF
Age (years) 23.2+15.67 22.58+5.4"
Weight (kg) 83.26+6.9" 77.53+11.9"
Height (m) 1.730.05" 1.74+0.1°
Time of Practice (years) 5.20+4 2" 6.66+3.9
Posterior Flexibility (cm) 34.84+7.47 36.47+11.47
Dominance Right 19 (100%) 17 (89.5%)
Left 0 02 (10.5%)
GBralduation White 0 01 (5.3%)
(Belt color) Blue 12 (63.2%) 07 (36.8%)
Purple 03 (15.8%) 06 (31.6%)
Brown 01 (5.3%) 03 (15.8%)
Black 03 (15.8%) 02 (10.5%)
Total 19 (100%) 19 (100%)
"mean + standard deviation. PF: pass fighter; GF: guard fighter.

Table 2. Comparison of balance variables between the groups

Variable Group Mean + SD p

GF 6.65+3.26°

Opverall Stability DL 0.06
PF 5.12+1.59°
GF 6.34+3.37°

Overall Stability non-DL 0.15
PF 5.01+£1.51°
GF 4.04+2.40°

Antero-Posterior Stability DL 0.11
PF 3.01£1.02°
GF 3.51+1.94°

Antero-Posterior Stability non-DL 0.55
PF 3.20+1.08°
GF 4.35+2.74°

Medial-Lateral Stability DL 0.06
PF 3.29+1.06°
GF 4.57+2.94°

Medial-Lateral Stability non-DL 0.10
PF 3.20+1.70°

PF: pass fighter; GF: guard fighter; DL: Dominant limb; Non-DL: Non-Dominant Limb. SD:
standard deviation.

Table 3. Comparison of variables of isometric muscle strength between

groups (reported in Kilogram)

Variable Group Mean = SD p-value

Peak isometric handgrip strength DL (]'lef ggg;‘iﬁg;; 0.96

Peak isometric handgrip strength Non-DL gllj ggzii;gzg 0.80

Handgrip isometric endurance DL gllj gigiigﬂ 0.65

Handgrip isometric endurance Non-DL gg g;;éi}g;g 0.91

Peak trunk extension isometric strength gllj } ;gg?igggé 0.39

Trunk extension isometric endurance gg g?ggig?z 0.02"
Significant at 5% level. PF: pass fighter; GF: guard fighter; DL: Dominant limb;

Non-DL: Non-Dominant Limb. SD: standard deviation.
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Table 4. Comparison of the isokinetic variables between groups

Variable Group Mean + SD p-value
Peak Torque of Quadriceps DL GF 279.62+40.57 N.m/Kg 0.19
PF 294.50+26.42 N.m/Kg
Peak Torque of Quadriceps Non-DL GF 287.54+44.62 N.m/Kg 0.17
PF 278.24+38.73 N.m/Kg
Peak Torque of Hamstrings DL GF 140.82424.82 N.m/Kg 0.40
PF 147.03+20.31 N.m/Kg
Peak Torque of Hamstrings Non-DL GF 146.57+33.23 N.m/Kg 0.12
PF 132.47+20.30 N.m/Kg
0,
H/Q ratio DL GF 30.6747.84 % 0.75
PF 49.98+5.80 %
0,
H/Q ratio Non-DL GF 21.36+10.60% 0.70
PF 46.07£6.09 %
PF: pass fighter; GF: guard fighter; DL: Dominant limb; Non-DL: Non-Dominant Limb;
H: hamstrings, Q: quadriceps. SD: standard deviation.

DISCUSSION

In general, biomechanical differences among BJJ
athletes with different combat styles were not
observed. The only difference found was that PFs
showed more isometric trunk extension endurance
than GFs, which is plausible considering the move-
ments involved in the most prevalent techniques of
this combat style.

Flexibility

Most of the athletes showed higher flexibility lev-
els than the average population in the same age
level according to the standard levels proposed by
the Canadian Standardized Test of Fitness (CSTF),
which is also reported in the scientific literature,! as
being the way of knowledge that involves methodic
and organized investigation for its operations in
searching results that confirm or annul hypothetical
propositions.

There were no differences in flexibility between the
groups in this study. The authors hypothesized that
GFs would have higher flexibility in the posterior
chain muscles, such as: spinal paraspinals, ham-
strings and calves muscles. Posterior chain flexibility
is extremely important for Jiu-Jitsu athletes, partic-
ularly GFs. It was hypothesized that GFs would pres-
ent more flexibility because they spend most time
of the fight in supine position with hips flexed trying
to create space for a submission®. However, it must
be noted that Jiu-Jitsu is a dynamic sport and that

even an athlete with a preferred combat style must
sometimes resort to other combat strategies, so that
GFs occasionally need to fight in standing position,
which is common for PFs.?

Isometric muscle endurance

The fact that PFs exhibit higher trunk extension
isometric muscle endurance than GFs was the only
statistically significant difference found, which is
comprehensible if the biomechanics of the tech-
niques that are most prevalent in this combat style
are considered. The authors purpose that PFs require
extreme trunk extensor muscle endurance because
GFs spend most of the fight time trying to pull PFs to
the ground in submission attempts. This difference
is clinically important because a Jiu-Jitsu match can
last up to 15-25 minutes.

No studies comparing trunk extensor muscle
strength in PFs and GFs were found. However, a
descriptive study of Jiu-Jitsu athletes concluded that
these athletes exhibited higher trunk extensor iso-
metric muscle strength as compared with judokas."
These differences between athletes who utilize dif-
ferent fighting styles was not assessed in the current
study, as the current study compared fighting styles
within Jiu-Jitsu instead of comparing with other
fighting modalities.

No significant difference was found between the
groups regarding isometric variables for muscular
endurance and peak handgrip strength. However,
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one study? demonstrated a significant difference
in relation to handgrip strength in the intermittent
isometric contractions test. This test consisted of
performing three repetitions of a five-second hand-
grip with an interval of one minute between repeti-
tions. The athlete was oriented to keep the shoulder
adducted alongside the body, with the elbow in 90°
of flexion and forearm and wrist in neutral position.
The athlete was in a seated position with hips and
knees in 90° of flexion and feet on the ground. It was
observed that the Jiu-Jitsu athletes showed greater
strength in the left hand, although hand dominance
was not considered in this study. It is important to
consider that study compared athletes with sed-
entary subjects, while a comparison between two
groups of athletes with similar levels of strength
and isometric muscular endurance was performed
in the current study, with no significant differences
between the groups being expected. Another study
conducted by Vidal Andreato et al® found a signifi-
cant difference in handgrip endurance when ath-
letes were wearing the kimono. In addition, the
authors found a decrease in maximum isometric
handgrip strength in both the dominant and non-
dominant extremities after fights.?

Jiu-Jitsu athletes exhibit higher handgrip strength
values in the dominant hand when compared to
rowers, aikido athletes, and non-athletes, as well as
higher handgrip strength values in the non-dom-
inant hand when compared to aikido athletes and
non-athletes (p<0.05).* These results seem to be
reasonable because Jiu-Jitsu is a sport that requires
holding maneuvers, so that repeatedly demanding
handgrip strength.?! The results of the current study
did not show any significant differences between
groups, likely because the comparison was made
between athletes of the same sport, and as already
mentioned, the development of muscle strength and
endurance in both combat styles is necessary.

Postural Stability

The athletes in the current study had no significant
differences in dynamic postural stability. These
results were expected because these athletes par-
ticipated in the same sport and all had similar bal-
ance demands. No previous studies analyzing the
dynamic postural stability of Jiu-Jitsu athletes were
found. To date, only one study verified differences

in postural control involving martial artists. This
study found that black belt martial artists presented
greater postural control than sedentary people.*

Due to a lack of evidence, similarities between judo
and Jiu-Jitsu were considered for this discussion.
Judokas have better dynamic balance than non-ath-
letes,” while amateur judokas and dancers have bet-
ter stability with open eyes than high-performance
judokas, professional dancers and controls. For sta-
bility with eyes closed, only the judokas presented
good results.* However, another study using the
BBS to evaluate balance did not find significant dif-
ferences between judokas and non-athletes, despite
the fact that they mentioned static and dynamic pos-
tural balance as crucial for defense and attack.'®

Isokinetic Muscle Strength

No studies analyzing the isokinetic muscle strength
of the knee extensors and flexors in Jiu-Jitsu ath-
letes were found. One study aimed to assess the
strength of the knee extensors and flexors in judokas.
When assessed using an isokinetic dynamometer at
90°/s, 180°/s, and 240°/s, judokas demonstrated a
higher peak torque for the extensors and flexors of
the supporting leg than those of the attacking leg
(p<0.05). The agonist/antagonist ratio was normal
in both limbs in the aforementioned velocities.?® In
the current study, the athletes of both groups exhib-
ited lower results than the normative values for the
agonist/antagonist ratio (i.e., 60% in slow velocities:
60°/s to 180°/s - and 80% in high velocities: 300°/s
to 450°/s).%° These results suggest that both groups
had muscular imbalances considering agonist/
antagonist ratio, demonstrating hamstrings deficits.
Regarding the peak torque of the knee extensors and
flexors, no significant differences among athletes
with distinctive combat styles were observed.

Some authors have attempted to compare various
styles of combat and verify the anthropometric
and morphological characteristics of PFs and GFs.
A study conducted by Baéz" noted that PFs exhibit
more mesomorphic bodies than GFs (ectomor-
phic), because PFs must assume more positions that
require muscle strength during the fight, such as,
staying over the knees to pull the opponent. PFs also
need more strength due to be continuously trying to
pass the guard of the opponent.? A study performed
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by Boscolo* did not find differences in joint mobil-
ity, stability, proprioception, strength and flexibility
when comparing different combat styles.

The study design was a limiting factor because the
cause and effect relationships were evaluated at
same time. Therefore, authors suggest conducting
a prospective cohort study to examine the causality
between combat style and biomechanical variables.
Another limitation is the fact that the assessment
was conducted in only one professional team of BJJ,
reinforcing that findings must be interpreted with
caution because findings may be unique to the train-
ing and performance of that specific team.

CONCLUSION

No significant biomechanical differences were
found between BJJ athletes with two different com-
bat styles. PFs exhibited greater trunk extensor mus-
cle endurance than GFs, while all other parameters
were not different between groups. Even given a
preferred combat style, BJJ athletes must practice
and be prepared for a variety of situations, and this
may be the reason there are no substantial biome-
chanical differences between athletes.

Clinical Relevance

In general, athletes and coaches choose a fighting
style based on the biomechanical characteristics of
the individual because they believe that physical fac-
tors are crucial in choosing the fighting style that will
be developed by each athlete. However, this study
showed no differences between athletes with a pref-
erence for the guard style and those with a preference
for the pass style. Therefore, the choice of fighting
style need not be influenced by these factors.

What is known about the subject

There are few studies comparing Brazilian Jiu-Jitsu
athletes with different fighting styles, and most are
of low methodological quality. The current evidence
indicates that there may be physiological, morpho-
logical, and functional differences between these
athletes. However, no study to date has compared
the biomechanical characteristics of these athletes.

What this study adds to existing knowledge
In general, no significant biomechanical differ-
ences were found between BJJ athletes with the two

above-mentioned combat styles. The specific train-
ing required for a given fighting style is not associ-
ated with biomechanical differences, regardless of
the athlete’s preference.
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